^ If A 17 J8B7 Recti PCT/FTO 0 7 DEI 

A DEVICE IN A LEG PROSTHESIS PROVIDED WITH A FOOT 

TECHNICAL FIELD 

The present invention relates to a device in a leg prosthesis provided with a foot, which is 
connected to the leg prosthesis via an articulated axle, whereby first means are arranged to 
provide a limited rotation of the foot relative the leg prosthesis from an initial position, in which 
position the leg prosthesis and the foot have a fixed angle relative each other, and second means 
are arranged to provide a step-less adjustment of the fixed angle between the leg prosthesis and 
the foot in the initial position. 

BACKGROUND OF THE INVENTION 

It is well known among prosthesis wearers that downhill walking is problematic. If the 
prosthesis wearer does not have the possibility of adjusting the angle of the foot, the walk 
downhill gets such that only the heel has contact with the ground. Above a certain degree of foot 
angle it is difficult to bear up the body weight so that the knee does not collapse because of the 
lack of essential groups of muscles. Therefore, prosthesis wearers often choose to walk 
sidewards when walking downhills. 

Further, prosthesis wearers who, have not got a foot which is vertically adjustable, have 
problems changing to another shoe with a different heel height, and to rapidly choose to walk 
without shoes. Individual, vertical adjustment of the foot even reduces problems with pain in the 
back and worn out hips. 

Through for instance US patent document 2,749,557 is known an adjustable foot, however it is 
only adjustable to three different angular positions. 

Furthermore, SE-B-456 134 shows a prosthesis foot where the angular positions of the foot are 
adjusted with a screw existing in the heel of the foot. The prosthesis wearer must turn the screw 
a number of turns to change the angle position, which requires a certain work effort. The 
principle of changing the angle shown in this document has the great disadvantage that the length 
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of the leg changes, which results in that the prosthesis wearer can have one leg shorter or longer 
than the other in certain situations. 

Further, SE-B-469 780 shows an additional example of a prosthesis foot where the angle position 
5 of the foot can be adjusted, in this case using a ball screw and ball nut. 

Furthermore, WO 96/25989 shows a device of the kind mentioned in the preamble. 

The invention relates to a device of the kind mentioned in the preamble, which can easily be 
10 adjusted to the weight and walk pattern of the prosthesis wearer and which is reliable and simple 
and cheap to manufacture. 



SUMMARY OF THE INVENTION 

This aim is achieved by means of a device in a leg prosthesis provided with a foot, which is 
connected to the leg prosthesis via an articulated axle, whereby first means are arranged to allow 
a limited rotation of the foot relative the leg prosthesis from an initial position, in which position 
the leg prosthesis and the foot have a fixed angle relative each other, and second means are 
arranged to provide a step-less adjustment of the fixed angle between the leg prosthesis and the 



pfj foot in the initial position, characterized in that the first means comprise a resilient element, 
I^O which first end thereof is connected to the foot via a elongated element and which second end is 
O connected to the leg prosthesis so that the leg prosthesis can be rotated relative the foot against 
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the effect of the spring force of the resilient element. 



In a preferred embodiment the second means comprise a displacable element, which is 
25 displacably arranged relative the leg prosthesis, and means to hold the displacably arranged 
element in a desired displacement position, whereby the displacable element, set in its initial 
position, in one end bears on a portion of the foot and in its other end on the resilient element. 
The displacable means is formed by a piston with outwardly directed ring flanges, which piston 
is displacably arranged in a cylinder attached to the leg prosthesis, and the means for holding the 
30 piston in a desired displacement position relative the cylinder is formed by a ring wall projecting 
inwards from the cylinder, which wall divides the space between the ring flanges of the piston in 
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two chambers, and a two-way valve, which in opened position provides flow of the medium 
existing in the chambers between these and in closed position prevents such flow. The elongated 
element extends through a central axial channel in the piston and through a central axial passage 
in the resilient element and is connected, via a washer of rigid material, to that end of the 
5 resilient element, which is opposite the end which bears on the piston. The elongated element 
constitutes of flexible material and can be made of a cord or wire or of a belt of a material with 
little extensibility. 



LIST OF DRAWINGS 

10 In the following the invention will be described with reference to enclosed figures, in which; 

Figure 1 shows a longitudinal cross section through a foot and leg prosthesis according to an 

embodiment of the invention in unloaded position, 
g4 Figure 2 shows a section corresponding to Figure 1 , but in another initial position for the angle 
2 between foot and leg prosthesis, 

■H15 Figure 3 shows the foot and leg prosthesis according to Figure 1 just after the foot prosthesis has 
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p been set down, and 

Figure 4 is a section along line IV-IV in Figure 1 . 
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DESCRIPTION OF EMBODIMENTS 
0 The Figures show a leg prosthesis 10 in the form of cylindrical tube frame, which via an 
articulated axle 11, forming an ankle joint, is connected to a portion 12b of a foot 12. The foot 
12 can be p rovided with a foot blade 12a, which can be provided with foot cosmetics. The 
xible element IS in the form of a cord, wire or belt or similar is eccentrically attached to the 
portion 12b of the foot relative its articulated axle 11. ^^^co^T^runs through a central 
25 channel 29 running through a piston 17 and is attached to a nipple 30 with its second end, which 
nipple 30 extends through a central passage in an elastic body 14. A screw 31 is threaded into 
the nipple 30 and a nut 32 is screwed on the outside of the screw. Preferably, a washer 33 of 
metal o r other rigid material is provided between the nut 32 and the elastic body 14. Suitably, 
(^^cordj) has such a length that the elastic body 14 is restrained between one end 17b of the 
30 piston \ 7 and the washer 33 in a somewhat compressed state. Figure 1 shows the shank and the 
foot in the initial position, in which the angle between these parts is about 90°. In the initial 




position the end 17a of the piston 17 bears onto a half spherical body 38, which rests in a 
N ^[ cup-shaped recess in the foot portion 12b. 
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The piston 17 and the elastic body 14 extend inside a cylinder 16, which diagonally extends 
5 through the lower part of the leg prosthesis above the articulated axle 11. The ends 17a, 17b of 
the piston 17 are formed by outwardly directed ring flanges, which edges sealingly bear against 
the wall of the cylinder 16. The cylinder 16 has an inwardly directed ring wall 18, which is 
arranged between the ring flanges of the piston 17 and which sealingly bears against the tube 
wall of the piston 17. The ring wall 18 of the cylinder and the respective ring flanges 17a, 17b of 
10 the piston delimit two ring chambers 19, 20, which are filled with hydraulic medium. These ring 
chambers can communicate with each other by means of an overflow valve 21. The overflow 
valve 21 is adjustable between opened and closed position by means of an adjustable lever 22 on 
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the outside of the leg prosthesis. <JyV< t\-fyf$« 



"Hl5 In the shown embodiment, the-£>verfiow valve 21 is formed by a rotatable cylindric valve body 
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p with two openings 23 and(23^which in the opened position of the valve (Fig. 1) are facing and 

;Jj communicating via holes 25 and 26 in the wall of the cylinder with one chamber 19 and 20 

* respectively each. Thus, the chambers communicate with each other in this position and 
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|H overflow of hydraulic medium can exist between the chambers. In another position, which is 

!CS *20 shown in Fig. 2, 3 and 4, the valve 21 is closed whereby the openings 23 and 24 are facing away 



from the holes 25 and 26. 



One end of the cord 13 is attached to the front portion of the foot portion 11 by means of an 
attachment screw 27 and runs through a curved slot 28 in said portion, which works as direction 

25 changer. The cord 13 further runs through the half spherical body 38, which has a curved 
surface 38a, which cooperates with and can rotate in a cup-shaped support surface 39 at the foot 
portion 12, and a plane surface 38b, which cooperates with the end 17a of the piston 17. The 
body 38 is kept in place in the foot portion 12a by means of a spring 40. In the initial position 
according to Fig. 1, the end surface 17a of the piston 17 is pressed into contact with the plane 

30 surface 38b of the body 38 because of the preload of the resilient element 14, which is effected 
by the restrain thereof between the piston 17 and the washer 33. The foot is also substantially 
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unloaded in the heel portion. In the position shown in Figure 1, the cylinder 16 is displacable 
relative the piston 17. After the lever 22 has been brought up to the closed position of the valve 
21, the piston 17 can no longer be displaced relative the cylinder 16 and the leg prosthesis 
provided with a foot is in its usage position. 

5 

When setting down a foot during walk, the heel is first set down and thereafter the weight is 
successively brought over to that foot, which was just set down. In the position shown in Fig. 3 
the foot has just been set down and the transfer of weight has just begun. During the transfer of 
weight to the set down leg, the upward force on the heel will generate a moment, such as is 
10 indicated with arrows in Fig. 3, that by effect of the spring force in the resilient element 14 will 
rotate the foot downwards until the foot blade comes into contact with the ground. In this case, 
the elastic body 14 works as a shock absorber that absorbs the force that arise when the heel is 
set down. The maximum angle that the leg prosthesis can form against the foot in the set down 
position in Fig. 3, is limited by the maximum possible compression of the elastic element 14. 



Hi 5 The angle that the leg prosthesis should be able to form against the foot. in the set down position 
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q of Fig. 3 to provide a comfortable walk, is dependent of the length of the steps of the prosthesis 



'I? wearer. The shock absorbing effect of the resilient element depends on the weight and walk 
w pattern of the prosthesis wearer. The resilient element 14 working as shock absorber can be 
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jjjj individually adjusted by preload that is achieved by means of varying the tightening of the nut 32 

£=p0 and by choosing maximum length of compression of the element. As the resilient element is 

P easy to remove and put back, it can easily be changed to another element, which is more suitable 
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for the body weight and walk pattern of the prosthesis wearer. Resilient elements that are worn 
out can easily be changed to new ones. 



25 An unloaded foot will automatically be displaced to the initial position because of the fact that 
the resilient element 14 always aims to come into its expanded position. 

If it is desired to change the initial position, i. e change the angle between the leg prosthesis 10 
and the foot 12, e. g when changing to shoes with high heels, the overflow valve 21 is opened by 
30 means of the lever 22, whereby an overflow of hydraulic medium can exist between the 
chambers 19 and 20. This entails the cylinder 16 to be continuous displaced relative the piston 
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17 and the resilient element 14, which permits the leg prosthesis to be rotated relative the foot 
within the limits of possible displacement of the ring wall 18 of the cylinder 16 in the chambers 



5 At the same time as the displacement of the cylinder relative the piston, the cylinder will be 
rotated around the articulated axle 11, which is followed by a rotation of the body 38, the piston 
17 and the resilient element 14. The position of the cord 13 in the channel 29 will also change, 
as is shown in the Fig. 2. The diameter of the channel 29 is adjusted to permit the relative change 
in position of the cord 13. When a desired angle between the leg prosthesis and the foot has been 

10 reached, the valve 21 is closed. 

In practice, adjustment to a new initial position is made through that the shoe with high heel is 
put on the foot, whereby the valve is opened. The leg prosthesis is then placed in a vertical 
position and the valve is closed. 



In the embodiments shown in the Figures, the resilient element 14 constitutes of an elastic body 
14 of e. g rubber or other elastic polymeric material. Within the scope of the invention it is of 
course possible to use other types of resilient bodies, e. g helical or cup springs. The resilient 
element 13 is formed by a material which does not stretches due to the loads which normally 



jp20 exist during usage of leg prostheses and can be made of steel, plastic or textile material. 



Naturally, modifications of the invention are possible within the scope of the invention. For 
example, the valve 21 could be manoeuvrable by an electric motor, e. g a step motor, and the leg 
prosthesis could comprise a battery and a switch, which can be placed so that it is easy to reach 
25 for the prosthesis wearer. Furthermore, the piston 17 could be replaced by a rigid sleeve, which 
runs in a cylinder provided with a slit, which cylinder is provided with a device for clamping the 
cylinder against the sleeve. Nor is it necessary that the element 13 is resilient, the cord 13 can 
instead be replaced with a rod or the like which is articulated to the body 38 and the nipple 30. 
Therefore, the invention should only be limited to the contents of the appending claims. 
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